Clastogenicity, photo-clastogenicity or pseudo-photo-clastogenicity: Genotoxic effects of zinc oxide in the dark, in pre-irradiated or simultaneously irradiated Chinese hamster ovary cells.
Zinc oxide (ZnO), a widely used ingredient in dermatological preparations and sunscreens, is clastogenic in vitro, but not in vivo. Given that ZnO has an approximately four-fold greater clastogenic potency in the presence of UV light when compared with that in the dark, it has been suggested to be photo-clastogenic. In order to clarify whether this increased potency is a genuine photo-genotoxic effect, we investigated the clastogenicity of ZnO (mean particle size, 100 nm) in Chinese hamster ovary (CHO) cells in the dark (D), in pre-irradiated (PI, i.e. UV irradiation of cells followed by treatment with ZnO) and in simultaneously irradiated (SI, i.e. ZnO treatment concurrent with UV irradiation) CHO cells at UV doses of 350 and 700 mJ/cm(2). The cytotoxicity of ZnO to CHO cells under the different irradiation conditions was as follows: SI>PI>D. In the dark, ZnO produced a concentration-related increase in chromosome aberrations (CA). In PI or SI CHO cells, ZnO was clastogenic at significantly lower concentrations (approximately two- to four-fold) when compared with effective concentrations in the dark, indicating an increased susceptibility of CHO cells to ZnO-mediated clastogenic effects due to UV irradiation per se. The incidence of CA in SI or PI cells was generally higher than that in the dark. At similar ZnO concentrations, SI conditions generally produced higher CA incidence than PI conditions. However, when ZnO concentrations producing similar cytotoxicity were compared, CA incidences under PI or SI conditions were nearly identical. The modest increase in the clastogenic potency of ZnO following UV irradiation contrasts with the results observed with genuine photo-clastogenic agents, such as 8-MOP, which may produce an increase in clastogenic potency of >15,000-fold under SI conditions. Our results provide evidence that, under conditions of in vitro photo-clastogenicity tests, UV irradiation of the cellular test system per se may produce a slight increase in the genotoxic potency of compounds that are clastogenic in the dark. In conclusion, our data suggest that minor increases in clastogenic potency under conditions of photo-genotoxicity testing do not necessarily represent a photo-genotoxic effect, but may occur due to an increased sensitivity of the test system subsequent to UV irradiation.